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venous connect 
has been attributed o “intimal fibroplasia” (3) a 
nary venous clerosis” (IO), is associated with progressive 
vessel narrowing and inevitably results in death despite 
intervention (3,4,9,10). 
Frm these observations, we hypothesized that mertality 
in some patients with totally anomalous pulmonary venous 
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connection to a systemic vein by echocardiogram at this 
institution between June 16, 1986 and February 3, 1991, and 
2) age ~4 months at diagnosis. Thus, infants with isolated 
totally anomalous pulmonary venous connection as well as 
those with more complicated cardiac efects were included. 
Patients with totally anomalous pulmonary venous drainage 
to the right atrium due to malattachment of septum primum 
were not included because this defect appears to result from 
an abnormality of atrial septation rather than one of pulmo- 
nary venous connection (I 2). 
Me~u~rnen~ (Fig. 1 and 2). Echocardiogr;lms wers 
performed using a Hewlett-Packard 77020 or an Acuson 128 
cardiac imager equipped with a 5- or 7.5~MHz transducer 
selected appropriately for body size. Patients were catego- 
rized according to the site of pulmonary venous drainage. A 
single investigator generated a hard copy record of the 
echocardiographic frame with the best image of each indi- 
vidual pulmonary vein that connected irectly to a conflu- 
ence or separately to a systemic vein (Fig. I and 2). 
Measurements of the largest diameter of each individual 
pulmonary vein were made using a computer with a digitiz- 
ing board and custom software. Patients were excluded 
when the recorded individual pulmonary vein images were 
too poor to permit accurate diameter measurement. 
The pulmonary venous confluence and ascending or 
descending vertical vein were identified and measured inall 
patients except hose with totally anomalous pulmonary 
Venous connection to the coronary sinus. The pulmonary 
venous confluence was measured posterior to the left atrium 
(anticipated surgical anastomosis site) and the vertical vein 
at the level of the diaphragm in patients with infradiaphrag- 
matic totally anomalous pulmonary venous connection and 
at the level of the ipsilateral pulmonary artery in the remain- 
Figure 1. High parasternal short-axis views in an infant 
with supracardiac totally anomalous pulmonary venous 
connection. Central panel, Apulmonary venous c 
ence (PVC) lies inferior !o the great arteries a 
connection to the left vertical vein (VV) to the left of the 
left upper pulmonary vein (LUPV) entering the leftward 
and superior aspect of the confluence, mea 
the vertical vein. Ao = ascending aorta; 
pulmonary artery. 
der. Both measurements were indexed for body size by 
dividing by body surface area. 
vein sum was calculated by adding the diameters of a!! of the 
individual pulmonary veins that connected to the venous 
confluerice orseparately toa systemic vein. The pulmonary 
vein sum was indexed for body size hy dividing by the body 
surface area, assuming an approximately linear relation over 
Figure 2. High parasternal short-axis or suprasternal notch view in 
an infant with subdiaphragmatic totally anomalous pulmonary ve- 
nous connection. The vertically oriented pulmonary venous conflu- 
ence is seen lying inferior to the ascending aorta (Ao) and small 
pulmonary artery confluence. The four individual pulmonary veins 
are seen entering the pulmonary venous confluence. I = inferior; 
L = left; LPA = left pulmonary artery; R = right; S = superior; 
other abbreviations as in Figure 1. 
vencsus obstruction 
To assess ~l~terobs~rve~ v 
patients at cur institutior? hetwceu I 
vein size to the square root of body 
hazards model was used to 
regression were tested against zero to see nhether the baseline 
risk of death was significantly ahere 
coefficients were converted to relati 
dence intervals. Each variable was first used as the sole 
predictor inthe regression. Then, variabks related to survival 
with a p value 3.I.10 by the univariate nalysis were inciuded 
in the multivariate model. To ensure that the apparent ct of 
vein size was not confounded by concurrent heterot syn- 
drome, stratified analysis based on the presence or absence of
heterotaxy s ndrome was performed. 
k tiiyy_~i;=d p va:u2 ~~ 3.~= ‘~;i3 ,;,Si:,Tzr: slrriir;s_ .@Xen~ 
evidence to reject he null hypothesis. 
. Forty-five patients met 
the eligibility criteria. Six patients were excluded because 
the baseline chocardiogram was inadequate for measure- 
Complex heterotaxy syndrome 
Other 
lnitial obstruction 
Time of TAPVC repair 
Died without oprmtion 
Qwiition 57 days from diagnosis (days) 
Median 
Range 














Unless otherwise indicated. data are expressed as number (clc: of patients. 
ASD = atrial septal defect: TAPVC = totally anomabos ~~l~~~a~ venous 
connection; VSD = ventricular septal defect. 
5. Six patients (18.8%) 
ith beterota~y sy~~rom 
anomalous pulmonary venous tonne 
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Table 2. IJnivariate Predictors of !kvival 
Relative 95% Confidence 
Predictor p Vahe Risk Interval 
Body surface area 0.35 0.50* - 0.11-2.2 
Heterotaxy syndrome 0.w 4.9 1.5-160 
Obstruction 0.90 1.1 0.37-3. I 
Indexed vertical vein 0.24 0.94t O&1 .O 
Indexed confluence size 0.02 I .9f: l.E-3.2 
Indexed pulmonary vein sum 0.0004 2,28 1.4-3.5 
Initial operation 0.68 1.3 0.40-4.1 
(~7 days after diagnosis) 
C&&ted for *O.i-in’ increase in body surface area, t I-n-&m2 increase 
in vertical vein, $hnm/m* decrease in confluence size, §lO-mm/m* decrease 
in pulmonary vein sum. 
totally anomalous pulmonary venous connection, atrial sep- 
tal defect and ventricular septal defect). 0ne patient with 
heterotaxy s ndrome and unobstructed supracardiac toE.ally 
anomalous pulmonary venous connection died before surgi- 
cal repair atage 3.1 weeks during an episode of parainfluenza 
pneumonia. The remaining seven patients died 1 to 25.6 
weeks postoperatively. 
Six of these seven patients developed late pulmonary 
venous obstruction after surgical repair. 0ne patient died 
without evidence of pulmonary venous obstruction after 
placement of a pulmonary artery band. 
Late pulmonary venous obstruction was due to individual 
pulmonary vein stenosis in all six patients. Four underwent 
one or more attempts (three surgical, one transcatheter 
pulmonary vein stenting) to relieve the obstruction within 
the individual veins. In addition, obstruction f the surgical 
anastomosis was noted 3.4 months after epair in one patient 
and was relieved by a sc:cond surgicn! procedure, This 
patient later developed individual pulmonary vein obstruc- 
tion. 
Survivors. Eighteen patients (56.3%) were alive at Past 
follow-up. with a mean (‘c SD) survival time of 9.7 & 9S 
months. Four of these 18 survivors had heterotaxy s n- 
drome, 13, had isolated totally anomalous pulmonary venous 
connection a d 1 had totally anomalous pulmonary venous 
connection and ventricular septal defect. Fifteen have no 
more than mild pulmonary venous obstruction ofany indi- 
vidual pulmonary vein or of the anastomosis (15 mm Hg 
mean gradient by Doppler ultrasound or cardiac atbeteriza- 
tion performed >2 weeks postoperatively), In two other 
patients, the postoperative echocardiogram was inadequate 
to assess pulmonary venous obstruction. One pahi, who is 
clinically well, had an immediate postoperative echocardio- 
gram showing no puimonaly venous obst:rcctIon a d has nut 
been restudied. 
IMvarhte analysis of ntial predictors 0  survival (Ta- 
bIz& FI%= .3!, The results of the univariate Cox analysis are 
shown in Table 2. The presence of heterotaxy syndr~~me, 
indexed confluence size and indexed pulmonary vein sum 
were each independently significantly associated with sur- 
vival (Fig. 3). 
8C.00 c 
0 
F&m 3. Distribution of inde 
indexed pulmonary vein sum ( 
The mean value k SD for each group is shown. 
ulmonary vein sum remained 
highly predictive ofsurvival = O.OOS), whereas hetcrotaxy 
exciuded the three patients t .vifh t~~~i9y anomaIous pUlmo- 
nary venous connection tothe coronary sinus, resulted in 
both indexed pulmonary vein sum (p = 0.06) and indexed 
confluence size (p = 0.07) approaching si nificance d spite 
the colinearity between these two variables (Pearson corre- 
lation coefficient 0.56). Incorporating both indexed pulmo- 
nary vein sum and indexed confluence size in the Cox model, 
without the adjustment for heterotaxy syndrome, revealed 
that indexed pulmonary vein sum (p = 0.007), and not 
confluence size (p = O.ll), was the stronger predictor of 
survival. 
R&&m of p&mmm vein mm to heterotaxy s n&me. In 
reviewing the resirlts ofi the multivariate model, we remained 
concerned that the presence or absence of heterotaxy s n- 
drome was influencing or even underlying the prognostic v&e 
of the pulmonary vein sum. The potential for confounding is 
evidenced by the fact that the mean indexed pulmonary vein 
sum was 53.3 + 16.6 mm/m2 in patients with heterotaxy 
syndrome versus 68.7 ? 82.9 in patients w~t~~~t 
heterotaxy s ndrome (p = 0.M by t test). 
We therefore performed a survival analysis tratified by 
F 4. Theoretical survival curves for a patient with 
P nary vein sum at the 25th ~~~~~e~ Ilne) and 
, Patient with heterotaxy syndrome. 
without heterotaxy syndrome. Data are derived from the Cox 
proportional hazards model stratified by heterotaxy syndrome. 
the pR%3MX Of heterotaxy syndrome. A ~~iva~~ate analysis 
indexed pulmonary vein sum = 8.01) 
ence SE (p = Q,O2) ~erna~~~d i vidually 
significantly associated with survi I across heterotaxy 
strata. Within strata, the effect of i nary vein 
sum on survival was greater for the ut hetero- 
taxy (p = 0.05) than for those with heterotaxy syndrome 
(p = 0.13). On the basis of the results of the stratifie 
analysis, representative survival curves for a patient with 
small (49.6 mm/m* [25th percentile for this group of pa- 
tients]) and a large (76.8 mm/m2 [75th percentile]) indexed 
pulmonary vein sum, both in the presence and absence of 
infants with totally anomalous pulmonary venous cormec- 
tion and normal patients is own in Figure 5. ~o~s~rvivi~g 
to be lower than normal, 
ed to 
ary ve ts. 
Individual pulmonary vein diameters were measured by two 
different investigators in 12 patients. The standard evia- 
Pions for the di 
emus cownect 
venous sum a 
er, both by strati~ed analysis and by 
the strong association between indi- 
vidual pulmonary vein size and survival is ~~de~~de~t of 
e presence ur absence of heterot 
e stratified analysis, the relation 
sum and survival was strongest 
e. Thus, vein size is not si 
gate for hetcrotaxy syndrome but is a strong 
redictor of survival in patients with tota 
ous connection. It i 
manly associated wi 
in part the poor surv 
Our results uggest that creation of 
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anastomosis between the pulmonary venous confluence and 
the left atrium may be insii4icient toprovide sustained relief 
from recurrent pulmonary venous obstruction i some pa- 
tients. In fact, despite the high mortality rate in this series, 
only two patients had evidence for pulmonary venous ob- 
struction at the site of the surgical anastomosis, one of which 
was adequately relieved by a second surgical procedure and 
one of which appeared tobe mild by echocardiography. 
gtudy limitations. This study is limited by its retrospec- 
tive methodology, which required that 7 (15.6%) ofa cohort 
of 45 patients bc excluded from analysis because they did not 
undergo correction and thus it could not be determined 
whether the size of their pulmonary veins influenced sur- 
vival. In addition, in six other patients (13.3%) baseline 
studies were inadequate forindividual pulmonary vein mea- 
surements. A significant selection bias would have been 
introduced if the pulmonary veins could not be measured in 
these patients because the individual veins were small. Also, 
a retrospective tape review limited the reliability with which 
the individual pulmonary veins could be measured, particu- 
larly the upper lobe pulmonary veins. This study is aiso 
limited to a predominantly anatomic assessment of pulmo- 
nary vein size. These patients varied considerably in degree 
of pulmonary outflow obstruction (from stenosis to atresia), 
patency and direction of flow within the ductus arteriosus 
and degree of pulmonary venous obstruction. The interest- 
ing but complicated interactions among pulmonary blood 
flow, pulmonary venous pressure, pulmonary vein compli- 
ance and individual pulmonary vein size could not be studied 
without an invasive assessment, which was not performed in 
most patients. 
Conclusions. The sum of diameters of the individual 
pulmonary veins at the time of diagnosis appears to be a 
strong and independent predictor fsurvival in infants with 
totaity anomaious pulmonary venous connection. Although 
patients with heterotaxy s ndrome had a smaller pulmonary 
vein sum than that of patients without his syndrome, 
pulmonary vein sum remained a strong predictor f survival 
even after stratification byheterotaxy s ndrome. Several 
variables, including pulmonary vein sum, confluence size 
arid the presence or absence of heterotaxy s ndrome, were 
significantly related to survival by ~~iva~ate nalysis, but 
only pulmonary vein sum remained 
survival by multivariate analysis. Giv 
for infants with otally anomalous p 
nection and very small individual pulmonary veins, 
alternative strategies to surgical creation of an anas 
between the pulmonary venous c 
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